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ABSTRACT
The constructivist approach to science education is recog-
nized as a valuable approach for building deep student
understanding of scientific content and inquiry. Imple-
mentation of constructivist teaching practices in special-
ized courses in geoscience for pre-service K-6 teachers is
especially critical to model good pedagogy and familiar-
ize future teachers with an inquiry-based model of teach-
ing and learning. We introduced a constructivist approach
in two teacher-training courses in the Spring 2000 semes-
ter and assessed their resulting content knowledge with
examination-based assessments. Contrary to expectations,
the change in teaching style led to a dramatic decrease in
student performance. Further revision of the course in the
subsequent semester based on analysis of test responses
and student comments led to a new curriculum with re-
duced content breadth and greater emphasis on
scaffolded, inquiry-based exercises which built under-
standing gradually and with reinforcement. These
changes resulted in modest performance gains in Fall 2000
sections. We conclude that the implementation of
constructivist teaching must 1) allow enough time to ad-
dress prior conceptions and facilitate students’ incorpora-
tion of new ideas, 2) limit the breadth of content taught, 3)
explicitly introduce students unfamiliar with scientific in-
quiry to methods they will use to learn the content, and 4)
take steps to avoid the common pitfalls of group work.
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INTRODUCTION
Reform and research in geoscience education has to a
large measure been focused on the design and
implementation of constructivist classrooms for both
geoscience majors and non-majors. These classroom
learning environments are characterized by engagement
and use of students’ prior knowledge and experience
which forms the basis of collaborative, active student
learning of content material (Brooks and Brooks, 1993;
National Research Council, 2000 and references therein,
Fensham, et al., 1994; see Crowther, 1997 for a review).
Within this philosophical framework, the mechanics of
constructivist teaching center around inquiry-based
learning, where students learn the methods of scientific
inquiry while learning new content.
Constructivist learning is recognized as a valuable
technique to increase the depth of understanding of
scientific ideas through students building their own
knowledge through inquiry-based exercises (Brooks
and Brooks, 1993). There is also evidence that students
taught by constructivist methods learn science concepts
better than those taught even by talented lecturers
(Hake, 1998). The constructivist approach differs from
traditional laboratory exercises in that it is open-ended
to some degree and is designed to make students
confront a problem as a researcher does, looking at all
angles, trying different hypotheses and tests, and using
the power of collaborative thinking and their collected
prior knowledge and problem solving skills.
In the geosciences, we often use a constructivist
approach to teach our own majors, especially with
higher-level skills like field mapping and petrographic
interpretation. Adapting this approach to a geoscience
course for pre-service elementary school teachers
requires the simultaneous re-examination of the central
course content, coupled with the development of
exercises that encourage inquiry and build student
interest and confidence. A properly-structured
geoscience course can serve as an excellent basis for
helping future teachers to better understand the
processes and importance of science and scientific
literacy (Brunkhorst, 1991), and can expand public
knowledge of locally-relevant Earth science-related
issues (Palmer, 1991). Constructivist pedagogy has also
been shown to improve the attitudes of pre-service
teachers toward Earth and space science and increase
their confidence and likelihood of teaching geoscience
once in the classroom (Slater, et al., 1999).
While the value of a constructivist approach has
been well demonstrated, the implementation of a
constructivist curriculum has inherent student attitude
(Chang, et al., 1999) and performance difficulties
associated with the transition. Here we report the results
of student performance assessments during and after
the implementation of a constructivist approach in a
geoscience course for pre-service teachers, and discuss
the implications of these results for instructors
contemplating similar implementations.
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BACKGROUND
The inclusion of Earth and space science in the National
Science Education Standards (National Research
Council, 1996), and locally in the California State Science
Standards has been a boon for geoscience education in
general, but has also created challenges. Most school
districts are now faced with having a mandate to teach
the geosciences but having very few qualified teachers at
all grade levels who can do so confidently (McCall,
1996). This has created an immediate need for in-service
teacher training in the geosciences, especially at the
elementary level where the emphasis on geoscience is
the strongest. The new science standards have also
motivated many advances in constructivist Earth
science courses targeted toward pre-service elementary
teachers at the undergraduate level, the goal being to
increase their content and pedagogical content
knowledge of the Earth sciences before new teachers
enter the classroom (e.g. Fox, 2001, Kusnick, et al., 2001,
Riggs and Kimbrough 2001).
Unfortunately, many Earth science courses do not
model constructivist pedagogy while teaching
geoscience content, leaving the job of training future
teachers in teaching methods common to most modern
K-6 curricula to one or two science methods courses in
the teacher education program. While students
following this track are often exposed to a great deal of
Earth science material, they may not develop the deep
understanding of the topic matter that normally
accompanies constructivist learning and they often do
not adopt learner-centered, discovery-oriented
approaches to Earth science content from their
subsequent science methods courses.
In an effort to balance Earth science content with
best pedagogical approaches, we have initiated ongoing
restructuring efforts in Natural Sciences 412D, “Process
and Inquiry in the Earth Sciences” at San Diego State
University, a basic course in the geosciences designed
for Liberal Studies majors who are intending to become
elementary school teachers. We have also tracked the
progress and performance of students through the early
stages of this curriculum revision and report the results
of this assessment below.
The students enrolled in NS412D typically have
little science background, and commonly report having
a fear of or dislike for science and mathematics in
first-day questionnaires. Because they will be faced with
teaching science to children upon completion of their
teaching credentials, it is important not only to provide
them with the necessary content and science process
skills they require, but also help them develop an
increased appreciation for and positive attitude about
science and confidence with scientific methods of
investigation (Worth, 1997).
COURSE REALIGNMENT
We collected data from four sections of NS 412D taught
by the authors during the Spring and Fall semesters of
2000 which had a combined total of 82 students. The
course was initially taught in a transmissive mode with
traditional lab-type exercises, and initially had the
content breadth common to an introductory Physical
Geology or Physical Geography course. Table 1 shows
the central content topics of the course as our
implementation began in Spring 2000 and illustrates the
reduced content breadth after the completed
realignment in the Fall of 2000. The topics chosen for the
revised curriculum were based both on the
requirements of the California State Science Standards
for grades K-6, on the local relevance of topical material,
and because of the centrality of these ideas to the
geosciences as a whole. Additionally, we coordinated
the material in our course with a similarly-designed
physics course (NS 412A), which our students also take,
to minimize overlap and maximize the breadth of
physical concepts explored in both classes. Geologic
time and absolute and relative dating, while only
indirectly included in the K-6 state standards, were
included as central themes in the revised course because
of the general importance of these ideas in geology and
biology, and also to equip future teachers in the San
Diego region with a solid understanding of the scientific
basis behind the determination of the age of the Earth
and related topics such as the fossil record and
evolution.
The sections of NS 412D run in Fall 2000 retained
much of the material presented in Spring 2000, but
generally limited the content breadth in favor of depth.
Additionally we allocated more time per topic to each
concept and constructed scaffolded curricula wherever
possible, such that the skills learned in one class session
would become the necessary tools to solve problems and
conduct more advanced investigations in the
subsequent sections (for an example, see Riggs and
Kimbrough, 2001). Certain curricular units were more
thoroughly developed than others, and the impact of
topic-specific innovations was also initially assessed
through cross-semester comparisons of identical
examination questions.
IMPLEMENTATION AND ASSESSMENT
The implementation of our new curriculum began
mid-semester in Spring 2000. The first phase of this
implementation was a change in teaching approach to
an inquiry-based mode and resulted in the restructuring
of many in-class exercises covering the content listed in
Table 1. Our hypothesis was that an inquiry-based
approach would be sufficient to generate deeper student
understanding of the content that we covered in the
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second section of the course. To assess student
understanding, we examined aggregate student
performance on two written examinations during
Spring 2000, one given before our implementation, and
the second covering material from the latter portion of
the course after the change in teaching style.
The examination style was also altered for the
second test to better reflect the style and content of the
exercises themselves, deviating from the more
traditional multiple-choice, short answer, and essay
format used in the earlier section of the course. While
active performance assessments are usually best for
testing the results of inquiry-based instruction (Hein
and Price, 1994), the test design used in the later
examination faithfully replicated the written component
of the exercises performed by the students, thereby
minimizing the effects of context transfer from activities
to written questions.
The second data set analyzed in this study comes
from cross-semester comparisons of those questions
common to both the later Spring 2000 assessment and a
similar examination given in Fall 2000. Despite the
content restructuring we implemented between Spring
and Fall of 2000 (see Table 1), we were able to keep many
examination questions constant and identical, thereby
allowing assessment of the response to the curriculum
between the students in different semesters.
RESULTS
The two examinations in Spring 2000 embodied two
relatively different styles of testing, with the first being a
traditional multiple choice, short answer, and
essay-type exam. The second exam in this semester was
more problem-driven, requiring students to solve map
or diagram-based problems similar to the exercises in
which they initially learned these skills. We expected
there to be an overall performance gain on the second
exam because of the inquiry-based nature of the
instruction and the similarity of the examination to
classroom work. However, in both sections of the course
we observed a 5 to 50% drop in student performance on
Spring 2000 Central Topics
Intro to Earth Science & Scientific reasoning
Plate Tectonics
Plate Margins and Rocks in Motion
Earthquakes and Faulting in California
Seismology and Earth’s interior
Common Minerals and The Rock Cycle
Igneous and Metamorphic Rocks
Weathering, Sediments and Sedimentary Rocks
———————implementation begins————————
A tour of our Solar System – Inner planets
A tour of our Solar System – Outer planets
The Earth and Sun system – Seasons and Eclipses
The Earth and Moon system – Phases, Tides and Eclipses
Oceans – the big picture
Beaches and coastlines – water meets the land
The Atmosphere – the big picture
Climate and Weather
Fresh water #1 – Ice, Lakes, Rivers and Floods,
Groundwater
Fresh water #2 – San Diego’s water resources and issues
Geologic Time and Age Dating
Fossils and Life on Earth
Energy from the Earth
Minerals and Materials
Biological resources and chemical cycles
Climate Change and Human Interaction
Fall 2000 Central Topics
Earth’s Interior – a layered planet revealed
Density and Buoyancy, Math Review
Layered Planet continued
Convection, Heat Flow, Driving Forces
Evidence for Plate Tectonics, Scale and Rate
Seismology intro
Earthquake Machine
Earthquake Location and Magnitude
Faulting in California
Landscape Evolution, Running water
Sedimentary Rocks
The Earth and Sun system – Seasons and Eclipses
Cycles on Earth
Geologic Time
Relative and Absolute Dating
Fossils and the History of Life on Earth
Faunal Succession and Correlation
Deep Time, The Fossil Record
Mechanics of Macroevolution
Table 1. Summary of topics covered in Natural Sciences 412D in the Spring 2000 and Fall 2000 semesters.
Note the beginning of the implementation in Spring 2000.
the second examination relative to achievement on the
first examination, with no students performing better on
the second test. Furthermore, as shown in Figure 1, the
student response shows no discernable pattern based on
prior exam scores, and the regression line shown
through the data confirms that there is no correlation
between performance on the first examination and the
relative drop in performance between the first and
second exams. In other words, the performance drop
was randomly distributed among the good, fair, and
poor students.
The cross-semester comparison data presented in
Figure 2 show aggregated student responses on
topic-specific questions held constant from one semester
to the next. These data show a modest increase in
student performance, especially in the overall scores.
The topics of seasons on Earth and the fossil record show
gains, where day length and relative dating show
further drops in student performance. The seasons and
fossils curricula also underwent extensive revisions
(discussed below) relative to the topics that show
declines in performance, suggesting that the
inquiry-based curricula for this content had reached a
more mature stage of development and teaching
success.
DISCUSSION
The dramatic student performance drop evident from
the first to the second portion of the Spring 2000 course
could be the result of a large number of contributing
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Figure 1. Compared examination results for students from Spring 2000. Student performance on the second
examination after the initial implementation of constructivist teaching was uniformly lower. Note
that there is no demonstrable correlation of Exam 1 scores with the magnitude of the drop in
performance on the second examination, and the range of performance drops is also wide for
test-takers at all initial performance levels.
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factors, but by close examination of the data,
consideration of informal student comments, and
observation of student behavior in class, we can identify
the main factors responsible for undermining our
anticipated learning gains.
The lack of correlation between student
performance on the first exam and the performance
drops on the second exam in Spring 2000 indicate the
other factors were involved in lowering student
performance besides study habits, general
comprehension, time on task, or other factors normally
linked to exam scores. The very wide range of
performance drops evident in this data at each initial
achievement level indicate that factors responsible must
be very individual to each student, suggesting perhaps a
strong influence of learning style. It is not likely that the
observed performance drops can be attributed to
student unfamiliarity with the examination style
because all students were explicitly made aware well
before the examination date of our intention to alter the
format of the test to more closely match their exercises.
Their classroom experience should have prepared them
psychologically for the examination style.
However, there is some indication that student
learning was not as deep as originally anticipated, and
that perhaps the examination performance actually
reflects uneven initial learning of the content material.
Informal student comments shed some light on this
possibility. The students commonly mentioned that they
felt the amount of time spent on each topic was not
sufficient to develop real understanding. They found
themselves coming to class each day with outstanding
questions about the material covered in the previous
sessions, which ultimately were not addressed in a
sufficiently systematic way before moving on to new
material.
This situation was inadvertently set up by the
instructors, as we attempted to use inherently
time-intensive constructivist teaching with a
prohibitively large amount of content. This illustrates
the common trade-off of content vs. depth common to
the implementation of constructivist curricula in
virtually any setting, and it is probable that the course
Figure 2. Comparison of average student scores on exam questions kept constant between Spring 2000 and
Fall 2000. These results reflect the aggregated performance of the 82 students involved in the
two classes. See text for discussion.
design after the initial implementation of the teaching
style change did not factor in enough additional time for
student review and reflection on the material learned.
It was also clear from student behavior during the
classroom sessions that the students were not familiar
with the inquiry-based style of learning. Most of the
students in these classes are college seniors, and have
been thoroughly acculturated into a passive,
transmissive mode of learning, i.e. lecture and
highly-orchestrated laboratory sessions. We observed
many students “stall” in their group work when
confronted with problems they couldn’t solve quickly,
and in many cases it is clear that many students had
limited experience framing inquiry-based approaches to
the problems at hand. Also, group dynamics plays a
large role. In some groups we observed that some
students do not often contribute directly to the
developing understanding of the content and instead
rely entirely on others in the group. From observation
and direct student comments it is clear that the students
not only had to learn the material, but had to learn how
to take charge of their own learning through inquiry.
Comparison of exam results from the Spring and
Fall semesters of 2000 reveals a modest increase in
student performance with the exceptions of
performance decreases in the Solar Time/Day Length
unit and the Relative Dating exercises. The Fall 2000
iteration of this course included a more explicit
introduction to constructivist educational theory at the
beginning of the course designed to better help the
students adjust to our expectations of self-directed,
inquiry-based learning. In many exercises, we also
incorporated a learning-cycle approach, referred to by a
process sequence such as Exploration - Invention -
Application (Abraham, 1997) or Engagement -
Exploration - Explanation - Extension - Evaluation,
where students first engage and commit to their prior
understandings of phenomena before encountering
exercises which lead them to build a scientific
understanding of Earth processes. This technique has
also proven fruitful in showing new directions in
alternative conceptions and teaching and learning
research. More homework assignments were also added
to reinforce the individual learning of all students
outside their groups and to cater to those students who
are not comfortable learning and working in a group
context.
These efforts generally resulted in positive student
performance results in the Seasons and Fossil Record
curricular units, two units which had undergone
substantial revision by the Fall 2000 semester. The lower
performance in the Solar Time and Day Length and the
Relative Dating unit was likely due to the fact that those
units had gone largely unchanged since the initial
implementation in Spring 2000.
CONCLUSIONS AND RECOMMENDATIONS
This study serves only as an initial, low-resolution
assessment of student performance in the face of
mid-stream course change and curriculum
development. However, it illustrates a number of basic
problems associated with conversion to constructivist
teaching for non-geoscience majors, similar to what has
been seen in numerous other settings and educational
levels (e.g. Hein and Price, 1994, Brooks and Brooks,
1993).
For the successful implementation of constructivist
practices, we have identified three essential factors that
must be present:
First, when employing a constructivist teaching
style, the time spent on individual topical exercises must
expand at the expense of content breadth. This is an old
truth, and it remains difficult to accomplish in
introductory classes, where breadth is favored over
depth. However, a constructivist approach is helpful for
creating a meaningful understanding of the material and
models good teaching practices that pre-service teachers
will later use in their own classrooms, provided this
teaching approach is implemented correctly. An
inquiry-based approach is easiest to implement in
specialized survey classes, like NS412D, because these
classes stand alone and are not generally part of a
majors’ sequence that depends on a proscribed amount
of content coverage in each course. Especially in courses
designed to reach the broadest population of students
and future citizens, we should take steps to include the
best possible teaching techniques in classes accessible to
all.
Secondly, most pre-service teachers are not familiar
with constructivist learning or methodology, even if
they have been exposed to the general theory before in
education courses, so the time for each topic must
increase as the students are learning not only new
content but are also learning how to conduct scientific
inquiry.
Finally, while lecture classes and examinations are
based on individual understanding, much constructivist
learning involves group work, allowing a few students
to build understanding for a group, leaving weaker
students at a disadvantage on examinations. It is clear
that more homework reinforcement of in-class exercises
was desired by students to overcome this difficulty, and
to help those students whose learning styles are not
amenable to group work.
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